Measures of socioeconomic status have been shown to be related positively to levels of high density lipoprotein (HDL) cholesterol in white men and women and negatively in African American men. However, there is little information regarding the association between educational attainment and HDL fractions or apolipoproteins. The authors examined these associations in 9,407 white and 2,664 African American men and women aged 45-64 years who participated in the Atherosclerosis Risk in Communities Study baseline survey, and they found racial differences. A positive association for HDL cholesterol, its fractions HDI-a and HDL3 cholesterol, and its associated apolipoprotein A-l was found in white men and white women, but a negative association was found in African American men, and there was no association in African American women. In whites, there was also an inverse association of low density lipoprotein (LDL) cholesterol and apolipoprotein B with educational attainment. With the exception of African American men, advanced education was associated with a more favorable cardiovascular lipid profile, which was strongest in white women. Racial differences in total cholesterol (women only), plasma triglycerides, LDL cholesterol, apolipoprotein B (women only), HDL cholesterol, HDl_2 and HDLg cholesterol, and apolipoprotein A-l were reduced at higher levels of educational attainment. Apart from triglycerides in men and HDL3 cholesterol in women, these African American-white lipid differences associated with educational attainment remained statistically significant after multivariable adjustment for lifestyle factors. Lipoprotein(a) showed no association with educational attainment. These findings confirm African American-white differences in lipids, lipoproteins, and apolipoproteins across levels of educational attainment that were not explained by conventional nondietary lifestyle variables. Understanding these differences associated with educational attainment will assist in identifying measures aimed at prevention of cardiovascular disease. Am J Epidemiol 1998; 148:750-60.
icans have a greater incidence of hypertension, the rates of coronary heart disease among African American men are no higher than those among white men but are equal to or higher in African American women as compared with white women (1) (2) (3) . Therefore, it has been postulated that protective factors may exist in African American men to account for their lower-thanexpected mortality rate. One factor may be HDL cholesterol, which is approximately 20 percent (7-11 mg/ dl) higher in African American men than in white men (4) (5) (6) (7) (8) (9) (10) . Similarly, plasma triglyceride levels are consistently lower in African Americans than in whites (8) (9) (10) (11) . However, a potentially adverse factor among African Americans is their twofold higher level of lipoprotein(a) as compared with the level in whites (12) , although the pathogenicity of lipoprotein(a) may differ in African Americans.
Low socioeconomic status is an independent risk factor for coronary heart disease (13) and is characteristic of many African Americans (14) . Socioeco-Racial Differences in Lipid Levels by Educational Attainment 751 nomic status is an important predictor of overall health status and the quality of health care received (4) . The association between socioeconomic status and HDL cholesterol levels differs by race and is reported to be positive among whites and African American women but negative among African American men (6, 7, 10) .
We examined the associations of educational attainment with levels of plasma total cholesterol, triglycerides, low density lipoprotein (LDL) cholesterol and its associated apolipoprotein B, HDL cholesterol, HDL 2 and HDL 3 cholesterol, and the major HDL cholesterol structural apolipoprotein A-I and lipoprotein(a) in participants of the baseline examination of the Atherosclerosis Risk in Communities Study (ARIC). These associations were studied to determine whether there had been any changes in patterns observed previously and to extend these observations to lipid fractions not examined previously. Because lipid levels are influenced by several health behaviors, such as physical activity, obesity, cigarette smoking, and alcohol intake (15) , and by hormone therapy in women (16) , we also examined the foregoing associations after adjusting for these behavioral factors.
MATERIALS AND METHODS
The study population comprised 15,792 men and women aged 45-64 years who participated in the ARIC Study. Participants were recruited between 1987 and 1989 from four communities: Forsyth County, North Carolina; Jackson, Mississippi; the northwestern suburbs of Minneapolis, Minnesota; and Washington County, Maryland. The response rates were 66, 46, 67, and 65 percent, respectively. All participants from Jackson and 14 percent of the participants from Forsyth County were African American; almost all of the others were white. Information on the complete study design, sampling strategy, and examination techniques has been published elsewhere (17) .
Participants were excluded from analysis for the following reasons: 53 were not African American or white, 112 were not within the stated age range, 1,151 had not fasted for 12 hours, 1,227 had diabetes mellitus, 435 were on lipid-lowering medications, 16 had missing information on education, and 727 had missing information on yearly family income. Therefore, 12,071 participants remained.
Lipid measurements were determined on plasma from blood collected after a 12-hour fast into tubes containing ethylenediaminetetraacetic acid. Aliquots were stored at -70°C, shipped on dry ice to the ARIC Central Lipid Laboratory at weekly intervals, and analyzed within approximately 6 weeks of receipt.
Concentrations of cholesterol and triglycerides were determined on a Cobas-Bio centrifugal analyzer (Hoffman-La Roche, Basel, Switzerland) using enzymatic procedures (18, 19) and commercial reagents (Boehringer Mannheim Biochemical, Indianapolis, Indiana). HDL cholesterol was measured after precipitation with magnesium chloride and dextran sulfate of lipoproteins containing apolipoprotein B. HDL 3 cholesterol was measured after further precipitation with magnesium chloride and dextran sulfate (20) . HDL 2 cholesterol was calculated as the difference between HDL cholesterol and HDL 3 cholesterol. LDL cholesterol was calculated according to the Friedewald (21) formula in participants with plasma triglyceride levels of <400 mg/dl.
Apolipoprotein A-I and apolipoprotein B levels were determined by radioimmunoassay (22, 23) . Lipoprotein(a) concentrations were measured by an enzyme-linked immunoassay (24) and included apolipoprotein(a) and associated apolipoprotein B.
Plasma pools of cholesterol, triglycerides, HDL cholesterol, and HDL 3 cholesterol from the Centers for Disease Control and Prevention were used for internal quality control and calibrator materials following Lipid Research Clinics Program protocols (25) . Coefficients of laboratory variation, in percentages, were as follows: triglycerides, 2.7; total cholesterol, 2.5; HDL cholesterol, 3.7; HDL 3 cholesterol, 8.2; apolipoprotein A-I, 9.0; LDL cholesterol, 5.2; apolipoprotein B, 9.0; and lipoprotein(a), 9.0. External control was defined as successful participation in the Lipid Standardization Program of the Centers for Disease Control and Prevention. The overall variability of measurement (i.e., due to storage, shipping, sample processing, transcription, and analysis) was determined by using samples taken from the blood collection tubes of a subset of participants. The samples were stored at each center for another week and then sent to the laboratory in a blinded fashion. Blinded replicate coefficients of variation for triglycerides, total cholesterol, HDL cholesterol, LDL cholesterol, apolipoprotein A-I, and lipoprotein(a) were 6.7, 3.0, 4.4, 5.3, 11.0, and 16.9 percent, respectively.
Race, years of schooling, yearly family income, pack-years of cigarette smoking, current alcohol intake, and hormone therapy were assessed by questionnaire. In these participants, alcohol intake was previously shown to be associated with higher HDL cholesterol levels in all race-sex groups after adjustment for body mass index, physical activity, smoking, and age (15) . Hormone therapy was classified as those women currently taking estrogen or estrogen and progestin medications. Years of schooling was categorized as basic (not a high school graduate), intermediate (a high school graduate and/or vocational schooling), or advanced (at least 1 year of college). Yearly family income was grouped as follows: <$8,000, $8,000-<$16,000, $16,000-<$35,000, and ^$35,000. Participation in leisure-time sports activities was assessed using a standardized questionnaire (26) ; scores ranged from one (low) to five (high). The sports activity score is a combined index of intensity and duration/frequency of exercise, which has been shown to be associated with higher HDL cholesterol levels in all race-sex groups after adjustment for body mass index, alcohol intake, smoking, and age. However, in this study the association was not statistically significant in African Americans (15) .
Body mass index was calculated as weight (kg)/ height (m) 2 . To assess whether there were racial differences in lipid concentrations across various levels of educational attainment, analyses of covariance were used, with lipid levels as the dependent variable and incorporation of categorical variables for race and education and its corresponding interaction term. To provide some measure of the strength of the associations with levels of education in each race and sex group, we calculated partial correlation coefficients between the ordinal spectrum of education or income and lipid levels. Values for/? were calculated using the chi-square test for categorical variables and Student's t test for continuous variables. Tests of differences in mean lipid levels across educational strata were calculated using multivariate analysis of covariance and including the relevant interaction term after adjustment for the variables shown in tables 4 and 5. Table 1 summarizes the characteristics of the participants examined during the ARIC baseline survey.
RESULTS
The African American men and women were slightly younger than the white men and women. Both level of educational attainment and yearly family income were higher among whites than among African Americans. The level of participation in leisure sports and the number of pack-years of cigarette smoking were also higher among whites. In women, mean body mass index was substantially higher and mean alcohol intake was much lower among African Americans than among whites. More white women than African American women reported using hormone therapy.
Age-adjusted mean levels of plasma lipids, lipoproteins, and apolipoproteins are shown in table 2. The most striking racial differences were found in levels of plasma lipoprotein(a), which were approximately twice as high in African Americans as in whites. Plasma triglyceride levels were substantially lower in African Americans than in whites. Mean levels of HDL cholesterol, its component fractions HDL 2 and HDL 3 cholesterol, and its associated apolipoprotein A-I were 11-39 percent higher in African American men than in white men but only 0-5 percent higher in women of both races. Racial differences in LDL cholesterol and apolipoprotein B levels were small.
In table 3 , age, body mass index, alcohol intake, leisure sports activity score, pack-years of cigarette smoking, and hormone therapy are shown according to educational attainment. The number of mean packyears of cigarette smoking was 38-45 percent lower among participants with an advanced education as compared with those with a basic education. In whites, mean alcohol intake was 38 percent higher in men and more than twice as high in women with an advanced education as compared with those with a basic educa- tion. In contrast, mean alcohol intake was 36 percent lower in African American women with an advanced education as compared with those with a basic education, but little difference in mean alcohol intake by level of education was observed in African American men. Mean body mass indexes were substantially lower in both African American and white women with an advanced education as compared with those with a basic education, and use of hormone therapy was associated with higher educational attainment in both racial groups. There was little difference in mean body mass index across levels of education among white men, but mean body mass index rose with level of education among African American men.
Participation in leisure sports activities also varied by level of education and was more marked among whites. This score was 20 percent higher for white men, 12 percent higher for white women, 14 percent higher for African American men, and 5 percent higher for African American women with an advanced education as compared with those with a basic education (table 3) . Lower educational attainment was also associated with higher age. Similar but less striking associations were observed with yearly family income (data not shown).
Age-adjusted mean plasma lipid, lipoprotein, and apolipoprotein levels showed similar patterns across levels of educational attainment (table 4) and yearly family income (data not shown). In contrast, lipoprotein(a) showed no consistent associations with education (or income). Whites with higher levels of education fairly consistently had a slightly more favorable lipid profile, with lower levels of triglycerides, LDL cholesterol, and apolipoprotein B and higher levels of HDL cholesterol, its fractions HDL 2 and HDL 3 cholesterol, and apolipoprotein A-I. These associations were more marked among white women than among white men.
Although similar lipid associations were observed in African American women, they were much weaker than those in white men and women. In contrast, African American men with a higher level of education had a less favorable lipid profile with significantly lower levels of HDL cholesterol and its fractions HDL 2 and HDL 3 cholesterol. Overall, associations were stronger between lipids and educational attainment than between lipids and yearly family income in whites but slightly weaker, although not statistically significant, in African Americans (data not shown).
Partial correlation coefficients across educational strata ranged from -0.09 for HDL cholesterol in African American men to 0.07 for HDL cholesterol in white men and from -0.12 for triglycerides in white women to 0.15 for HDL and HDL 2 cholesterol in white women. Similarly, partial correlations with income ranged from -0.15 for HDL 2 cholesterol in African American men to 0.04 for HDL 2 cholesterol and apolipoprotein A-I in white men and from -0.08 for triglycerides in white women to 0.06 for HDL cholesterol in African American women (data not shown).
The associations between educational attainment and mean age-adjusted lipid differences in African American and white men and women are shown in table 5 (model 1) together with significance levels for race X education interaction terms. Significant interaction terms indicate that the associations of lipids with educational attainment were different in African Americans and whites. Because of the influences of hormone therapy in women and of body mass index, smoking, alcohol intake, and sports activity on plasma lipids and lipoproteins, these associations were also examined after adjusting for these variables (model 2).
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Level of education had little influence on African American-white differences in lipoprotein(a) or total cholesterol (in men only). For other lipids, the levels in African Americans and whites were more similar at higher levels of education and yearly family income than at lower levels.
In men and women, statistically significant ageadjusted race X education interaction terms (model 1) were found for HDL cholesterol, its fractions HDL 2 and HDL 3 cholesterol, and its associated apolipoprotein A-I, reflecting the reduced differences in lipid levels between African Americans and whites at higher levels of education and yearly family income. After further adjustment for body mass index, smoking, alcohol intake, sports activity score, and hormone therapy (model 2), the race X education interaction terms for apolipoprotein A-I in men and HDL 3 cholesterol in women were no longer statistically significant. Racial differences in triglycerides were also reduced at higher levels of educational attainment and income but were no longer significant in men after multivariable adjustment. Differences in levels of LDL cholesterol in men and women, and total cholesterol and apolipoprotein B in women, were reduced significantly at higher levels of educational attainment, and they remained significant after multivariable adjustment.
Similar age-adjusted models built for yearly family income showed generally weaker associations than those for educational attainment that were no longer significant after multivariable adjustment (data not shown). Because only 12 percent of the African Americans were from Forsyth County, the differences in lipid levels across levels of education might reflect the lipid levels in African Americans from Jackson. However, age-and lifestyle-adjusted lipid levels in African American men and women from Jackson and Forsyth showed no significant differences between levels of educational attainment (data not shown).
DISCUSSION African American-white differences in lipid levels
Findings from this study (table 2) confirm reports of 1) higher levels of HDL cholesterol (4-10, 27) and similar levels of total cholesterol (8-10) and LDL cholesterol (3, 6) in African American men as compared with white men and 2) higher levels of apolipoprotein A-I (3, 7, 28) and lipoprotein(a) (12) and lower levels of plasma triglycerides (6, (8) (9) (10) (11) in African American men and women as compared with white men and women. Similarly, lower LDL cholesterol levels in African American women as compared with white women have been reported (8, 9) . Although the higher levels of HDL cholesterol in African American men as compared with white men may have a genetic basis (1, 3-6, 8, 9) , the discrepancy between the differences in African American and white men found in this and many other studies (4) (5) (6) (7) (8) (9) (10) 27) , versus the lower HDL cholesterol levels reported in relatively affluent African American men and women as compared with white men and women in the Framingham Minority Study (11) , suggests that environmental, lifestyle, or social factors might more be important determinants of HDL cholesterol levels.
In contrast, LDL cholesterol levels were higher in white men than in African American men (8, 9) , and African American women had higher levels of HDL cholesterol (8) , total cholesterol, and apolipoprotein B than white women did (3). However, to our knowledge our findings on HDL 2 and HDL 3 cholesterol have not been reported previously, but they are consistent with our findings on HDL cholesterol. Apart from lipoprotein(a) in African Americans, these findings suggest that potentially modifiable lifestyle factors influence plasma lipid levels.
Sex differences within racial groups
In our study, the associations found between education level and total, LDL, HDL, HDL 2 , and HDL 3 cholesterol and apolipoprotein A-I and B (table 4) are consistent with data from the Lipid Research Clinics Program Prevalence Study (29) and the Second National Health and Nutrition Examination Survey (7). In contrast, Hames et al. (2) reported that in 1960, there was a positive association between total cholesterol and education level in white men and women. However, this was before the dramatic decrease in coronary heart disease mortality that occurred during the late 1960s (4, 13) . Similarly, Freedman et al. (10) observed no association between HDL cholesterol and socioeconomic status among white men.
An inverse association between total cholesterol and educational attainment in whites was also reported in the Troms0 Heart Study (30) but not in three Chicago, Illinois, epidemiologic studies (31) . However, inverse associations of LDL cholesterol and its associated apolipoprotein B with educational attainment in whites (table 4) do not appear to have been reported previously. Although statistically significant, the racial differences were relatively small.
In agreement with our findings, the Princeton School District Study (32) reported an inverse association between levels of plasma triglycerides and education in women. An inverse association between HDL cholesterol and socioeconomic status among African American men was reported previously (5) (6) (7) (8) 10) and is consistent with the results from the Evans Am J Epidemiol Vol. 148, No. 8, 1998 County Heart Study (2), the Charleston Heart Study (33) , and the Multiple Risk Factor Intervention Trial (6) regarding the relative protectiveness of coronary heart disease in African American men and the finding that mortality among African American women is equal to or greater than that among white women (1) (2) (3) (4) .
In contrast to our findings, a positive association was observed between HDL cholesterol and educational attainment in African American women in the Framingham Minority Study (11) and also in the Minnesota Heart Survey (5), where it was attributed to a high frequency of obesity at lower educational levels. In contrast, an inverse relation was reported among poor African American women hospitalized in Chicago (34) . Thus, the relation between HDL cholesterol and educational attainment in African American women appears inconsistent and provides further evidence of potentially modifiable factors.
African American-white differences in educational attainment
Among African American and white men, the differences in HDL cholesterol levels associated with educational attainment observed in our study were reported with various indicators of socioeconomic status by the Multiple Risk Factor Intervention Trial (6), the Second National Health and Nutrition Examination Survey (7) , and the Vietnam Experience Study (10) . In these studies, the higher HDL cholesterol levels in African American men were reported to drop from 11 mg/dl to 3-7 mg/dl (7, 10) with increasing levels of socioeconomic status. Although the Minnesota Heart Survey (5) observed a similar relation between HDL cholesterol concentrations across educational levels, it did not reach statistical significance. A 1 mg/dl increase in HDL cholesterol is associated with a 2 and 3 percent lower risk of coronary heart disease in men and women, respectively, and a decrease in coronary heart disease mortality of 3.7-4.7 percent (35) .
There were also statistically significant African American-white differences associated with education and HDL 2 cholesterol, HDL 3 cholesterol, and apolipoprotein A-I in men and women, mirroring the patterns observed for total HDL cholesterol. However, for men, the apolipoprotein A-I racial difference associated with educational attainment was no longer statistically significant after adjusting for body mass index, smoking, alcohol intake, and sports activity score. Similarly, after adjusting for these variables and for hormone therapy, the apolipoprotein A-I racial difference in women was weaker. This finding suggests that these statistically significant racial differences are explained by lifestyle factors.
In our study, racial differences in plasma triglycerides associated with educational attainment were not statistically significant in men after adjusting for body mass index, smoking, alcohol intake, and sports activity but remained significant in women: a negative association in white women and no association in African American women. To our knowledge, these observations have not been reported previously. Similarly, lipoprotein(a) levels in African Americans and whites were not influenced by educational attainment, another relation that does not appear to have been documented. Inconsistencies in the results of African Americanwhite comparisons of lipids, lipoproteins, and apolipoproteins between studies suggest the existence of potentially modifiable factors in addition to genetic factors. Included may be variations in job-related physical activity, unmeasured lifestyle or cultural factors, or regional differences in lifestyle, such as consumption of sucrose, cereal fiber, fruits, and vegetables (36, 37) . Dietary habits may also be important, as African American men in this study consumed higher amounts of dietary cholesterol than did white men at all levels of education (38) .
Limitations
A limitation of this study is the low overall level of response (60 percent), which raises the possibility of selection bias and generalizability of the results to the nonrespondent population. Another potential for selection bias could arise from exclusion of participants who had not fasted for at least 12 hours. However, this bias is likely to be small, as 53 percent of the subjects in this group had diabetes mellitus. We excluded these people because abnormalities in lipid and lipoprotein concentrations are common in these patients (39) . Participants taking medications that primarily lower cholesterol concentrations were also excluded to avoid confounding. A further limitation is that we did not adjust for dietary intake.
Education as a marker of socioeconomic status
Educational attainment ascertains the socioeconomic status of an individual as a measure of the influence of prestige, power, access to resources, lifestyle behaviors that influence health, and psychosocial stresses, all of which could potentially affect plasma lipid levels. Educational attainment, as a surrogate single indicator of socioeconomic status, which applies to the individual, is cumulative and cannot decrease once a certain level is achieved. Although educational level could increase, it was extremely unlikely in our study of people aged 45-64 years. Kitagawa and Hauser (40) noted that education provides a better global measure of lifestyle and con-sumption patterns than do other socioeconomic indicators. In our study, African American-white lipid differences were stronger for educational attainment than for yearly family income.
Educational level is related to receipt and evaluation of information and to motivation to use the resources available. However, the validity of using educational attainment level as an index of socioeconomic status and as a predictor of health and illness is more likely to be dissimilar for African Americans and whites. This residual confounding caused by African American-white inequalities in education and income is a cause for concern. Among people in our study aged 45-64 years, the quality of education was lower among African Americans, and African Americans were generally paid less than whites in an equivalent occupation. Moreover, there were African Americanwhite differences in the level of occupation attained given similar education. Another limitation was the categorization of education. For example, it was probable that a substantially higher proportion of whites had completed well over 1 year of college.
Socioeconomic status and coronary heart disease
The inverse association observed between socioeconomic status and levels of HDL cholesterol and its fractions in African American men raises a question concerning the association between socioeconomic status and coronary heart disease in these men. One study in Charleston, South Carolina (33), reported a strong inverse association between socioeconomic status and incidence of coronary heart disease in African American men, but rates were based on a small number of peer-nominated men of high socioeconomic status. Other multiracial studies have found weak associations between socioeconomic status and risk of coronary heart disease among African Americans (41, 42) and an inverse association among white men (13) .
There is considerable geographic variation in coronary heart disease mortality in the United States. The majority of African American participants in our study were from Jackson, Mississippi, and they have one of the lowest rates of coronary heart disease mortality (43) . Therefore, the African American differences in the associations between lipids and educational attainment reported here may reflect regional differences related to lifestyle characteristics unique to the southeastern United States.
Conclusions
African Americans as compared with whites had a more protective pattern of lipids with higher mean HDL, HDL 2 , and HDL 3 cholesterol and apolipoprotein A-I levels and lower plasma triglyceride levels. Our findings confirm African American-white differences in lipids, lipoproteins, and apolipoproteins, but not lipoprotein(a), across levels of educational attainment that were generally not explained by conventional nondietary lifestyle variables. Except in African American men, higher education was associated with a more favorable cardiovascular lipid profile, which were strongest in white women. Understanding these differences associated with educational attainment will assist in identifying measures aimed at prevention of cardiovascular disease.
